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Description
BACKGROUND OF THE DISCLOSURE

[0001] A biosensoris an analytical device for detecting
a target molecule such as a biomolecule. Most biosen-
sors are optical biosensors. An optical biosensor may
include a metal which can absorb lightand generate elec-
tron waves on the metal surface. The electron waves
may occur at a specific angle and a specific wavelength
of incident light, and thus are highly dependent on the
surface of the metal. When a biomolecule attaches on
the metal, a measurable signal may be generated.
[0002] Some biosensors are electrochemical biosen-
sors. An electrochemical biosensor usually uses a cata-
lyst as a probe. However, the applications of such an
electrochemical biosensor are limited because the signal
is low. New biosensors with higher signal to noise ratio
are needed for accurate detection of target molecules of
interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Fig. 1 shows an illustrative embodiment of a
sensor for detecting a biomolecule;

[0004] Fig. 2 shows a flow chart of an illustrative em-
bodiment of a method for preparing an electrode for a
sensor to detect a biomolecule;

[0005] Figs. 3A-3F shows an illustrative embodiment
of a method for preparing two electrodes in a sensor for
detecting a biomolecule;

[0006] Fig. 4A shows a chart of an illustrative embod-
iment illustrating currents detected at various concentra-
tions diluted from a Human Papillomavirus 16 (HPV16)
infected patient sample and a control sample;

[0007] Fig. 4B shows a conductive image of an elec-
trode including a monoclonal anti-(HPV HR) antibody
conjugated with biphenyl-4-carbaldehyde scanned by
conductive atomic force microscopy at a biased voltage
(about 0.01 volts) applied;

[0008] Fig. 4C shows a chart of an illustrative embod-
imentillustrating currents detected at various diluted con-
centrations from an Enterovirus 71 (EV71) infected pa-
tient sample and a control sample; and

[0009] Fig. 4D shows a chart of an illustrative embod-
imentillustrating currents detected at various diluted con-
centrations from a Leukocyte cell-derived chemotaxin-2
infected patient sample and a control sample.

SUMMARY

[0010] Some embodiments of the present disclosure
may generally relate to sensors for detecting a target.
One example sensor may include an electrode treated
with a first electron conducting molecule, and a probe
conjugated with a second electron conducting molecule.
The probe is attached to the first electrode and configured
to bind to the target. The first and second electron con-
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ducting molecules may be different.

[0011] Some additional embodiments of the present
disclosure may generally relate to methods for detecting
a target. One example method may include contacting a
sensor as describe above with a sample suspected of
containing the target. When the target binds to the probe,
a signal is generated. When the signal is detected, this
indicates that the target is present in the sample.
[0012] Additional embodiments of the present disclo-
sure may generally relate to a probe, such as an antibody,
conjugated to an electron conducting molecule. Such an
antibody molecule may be used in a sensor as described
herein An example antibody is conjugated to a pyridine
compound, a polyacetylene polymer, an azole com-
pound, a polyaniline polymer or a derivative thereof. An
electrode containing a probe conjugated to an electron
conducting molecule, for example, an antibody conjugat-
ed to a pyridine compound, a polyacetylene polymer, an
azole compound, a polyaniline polymer or a derivative
thereof, is also provided.

[0013] The foregoing summary is illustrative only and
is not intended to be in any way limiting. In addition to
the illustrative aspects, embodiments, and features de-
scribed above, further aspects, embodiments, and fea-
tures will become apparent by reference to the drawings
and the following detailed description.

DETAILED DESCRIPTION

[0014] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates oth-
erwise. The illustrative embodiments described in the de-
tailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be utilized, and oth-
er changes may be made, without departing from the
scope ofthe subject matter presented here. It will be read-
ily understood that the aspects of the present disclosure,
as generally described herein, and illustrated in the fig-
ures, can be arranged, substituted, combined, and de-
signed in a wide variety of different configurations, all of
which are explicitly contemplated and make part of this
disclosure.

[0015] [0014]Inthis disclosure, the term "electron con-
ducting molecule" generally refers to a compound that
conducts electrons. The electron conducting molecule
may provide a region of overlapping p-orbitals, which al-
low a delocalization of m electrons across adjacent
aligned p-orbitals. The conductance of an electron con-
ducting molecule may be examined with conductive
atomic force microscopy. In some embodiments, the con-
ductance of an electron conducting molecule useful in a
chip for a biosensor as described herein is about 1 pQ-1
to about 10 pQ-1 at a about 0.01 volts voltage applied.
[0016] The term "probe" generally refers to a com-
pound capable of binding to a target of interest (e.g., a
biomolecule). For example, binding of a probe to a target



3 EP 2 538 219 A1 4

may be with an affinity of about 100 piconewtons to about
500 piconewtons, Nonlimiting examples of probes in-
clude antibodies, antibody fragments that retain the abil-
ity to bind to the target of interest, nucleic acids (e.g.,
DNA, RNA, aptamers), aptamers, antigens, and en-
zymes.

[0017] The term "target" generally refers to any mole-
cule that is detectable with a biosensor as described
herein. A target may include, but is not limited to, a bio-
molecule. Examples of targets that are detectable in the
biosensors described herein include, but are not limited
to, biomolecules (for example, virus, proteins, nucleic ac-
ids, and carbohydrates), and other types of small mole-
cules such as lipid, hapten, and toxin.

[0018] Probes herein may contain an electron conduct-
ing molecule. The electronic transfer behavior of the
probe may be induced with the overlapping p-orbitals pro-
vided by the electron conducting molecule. As a result,
when a target binds to the probe, an electrical field
change associated with the binding of the target and the
probe may be amplified.

[0019] Insome embodiments, a sensor for detecting a
biomolecule includes a first electrode, a first probe, and
first and second electron conducting molecules. The first
probe recognizes and binds to a target of interest in a
sample. In some embodiments, the first and second elec-
tron conducting molecules are different. The first elec-
trode is treated with the first electron conducting mole-
cule. The first electron conducting molecule may form a
firstchemical bond with the first electrode. The firstchem-
icalbond may be a covalent bond. In some embodiments,
the first probe may form a chemical bond with the first
electrode, for example, a covalent bond.

[0020] Insome embodiments, the first probe is treated
with a second electron conducting molecule. In some em-
bodiments, the second electron conducting molecule is
conjugated to the first probe, for example, covalently
bound to the first probe directly or through a linker mol-
ecule. In some embodiments, the first probe may form a
second chemical bond with the first electron conducting
molecule. Therefore, the first probe may be attached to
the first electrode through the first chemical bond and the
second chemical bond, and may also contain an attached
second electron conducting molecule.

[0021] The first probe may form a "lock and key" rela-
tionship with the target to be detected by the sensor. For
example, the first probe may be DNA, RNA, a protein,
an antibody, an antibody fragment, an aptamer, an anti-
gen, or an enzyme. In some embodiments, the first probe
is an antibody and the target is an antigen to which the
antibody binds. When a first sample potentially including
the target is introduced into the sensor and then flows
over the first electrode, a first electrical field associated
with the first electrode changes in response to the target
binding to the first probe. A first signal is obtained based
on the changed first electrical field. The sensor may con-
tain a processor configured to detect the first signal. In
some embodiments, detection of the first signal indicates
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that the first sample contains the target. By treating the
first probe with the second electron conducing molecule,
for example, attaching the second electron conducting
molecule to the first probe, the conductivity of the first
probe is increased. Therefore, when the target binds to
the probe, the electrical field change associated with the
binding is more readily detected. In certain embodiments,
the sensor contains afirst flow channel which is in contact
with the first electrode and through which a first sample
suspected of containing the target flows, and in which a
signal is generated when the target binds to the first
probe.

[0022] In some embodiments, the sensor includes a
second electrode which contains a third electron con-
ducting molecule and a second probe. The second probe
is configured not to couple with the target to be detected
by the sensor. In some embodiments, the binding affinity
of the second probe for the target is less than about 50
piconewtons. The third electron conducting molecule
may be the same or different than the first or second
electron conducting molecule. In one embodiment, the
third electron conducting molecule is the same as the
first electron conducting molecule.

[0023] In some embodiments, the third electron con-
ducting molecule forms a third chemical bond with the
first electrode. The chemical bond may be a covalent
bond. In some embodiments, the second probe may form
a chemical bond with the first electrode. The chemical
bond may be a covalent bond.

[0024] In some embodiments, the second probe con-
tains a fourth electron conducting molecule, which may
be the same or different than the first or second electron
conducting molecule, and which may be the same or dif-
ferent than the third electron conducting molecule. In one
embodiment, the third electron conducting molecule is
attached, e.g., covalently attached, to the second elec-
trode through the third chemical bond, the second probe
is attached, e.g., covalently attached, to the third elec-
trode conducting molecule through a fourth chemical
bond. The fourth electron conducting molecule may be
attached, e.g., covalently attached, to the second probe.
For example, the second probe may be attached to the
first electrode through the third chemical bond and the
fourth chemical bond, and may also contain an attached
fourth electron conducting molecule.

[0025] The second probe may form a "lock and key"
relationship with a different biomolecule than the target
to be detected by the sensor. In some nonlimiting em-
bodiments, the second probe may be DNA, RNA, a pro-
tein, an antibody, an antibody fragment, an aptamer, an
antigen, or an enzyme. In some embodiments, the sec-
ond probe is an antibody thatrecognizes an antigen other
than the target to be detected.

[0026] In some embodiments, the sensor contains a
first flow channel in contact with the first electrode and a
second flow channelin contact with the second electrode.
The sensor may be configured such that a first sample
suspected of containing the target of interest concurrently
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flows through the first flow channel and the second flow
channel, or alternatively may be configured such that the
first sample flows through the first and second flow chan-
nels non-concurrently. A first signal is generated in the
firstflow channel as described above. A second electrical
field associated with the second electrode changes in
response to the first sample. A second signal is obtained
based on the changed second electrical field. The first
signal and the second signal may be recorded for further
processing.

[0027] In some embodiments, a second sample sub-
stantially free of the target of interest is introduced into
the sensor through the first electrode and the second
electrode, respectively. A third signal is generated in the
first flow channelin response to the second sample flows
through the first electrode. A fourth signal is generated
in the second flow channel in response to the second
sample flows through the second electrode. Based on
the ratio of a first difference between the first signal and
the third signal and a second difference between the sec-
ond signal and the fourth signal, the sensor determines
whether the target is present in the first sample.

[0028] In some embodiments, a biosensor is provided
that contains at least two electrodes, wherein one elec-
trode contains at least one probe and one electron con-
ducting molecule, and another electrode contains at least
one probe and two electron conducting molecules.
[0029] Inone embodiment, abiosensoris provided that
contains: (a) a first electrode containing a first probe as
described herein and afirst electron conducting molecule
as described herein, wherein the first probe is configured
to bind to atarget of interestin a sample; and (b) a second
electrode containing a second electron conducting mol-
ecule and a second probe that contains a third electron
conducting molecule, wherein the first probe does not
bind to the target of interest, and wherein the first electron
conducting molecule is the same or different than the
second or third electron conducting molecule. Such a
biosensor may be used in a method for detection of a
target molecule of interest, as described herein.

[0030] In some embodiments, the first, second, third,
and/or optional fourth electron conducting molecules
may be an aromatic compound, a pyridine compound, a
polyacetylene polymer, a thiophene compound, an azole
compound, a polyaniline polymer or one of their deriva-
tives. Some example electron conducting molecules in-
clude, but are not limited to, 3-(thiophen-2-yl)propanal,
3-phenylpropanal, 3-(1-pyrrol-2-yl)propanal, 3-(pyridin-
2-yl)propanal, (E)-4-phenylbut-3-enal, (E)-4-(4-(E)-sty-
rylphenyl)but-3-enal, (E)-4-(pyridin-2-yl)but-3-enal, (E)-
4-(5-((E)-2-(pyridin-2-yl)vinyl)pyridin-2-yl)but-3-enal,
(E)-hepta-4,6-dienal, (Z)-hepta-4,6-dienal, (E)-4-(cy-
clohex-2-enylidene)butanal, 2-(naphthalen-2-yl)acetal-
dehyde, 5"-formal-5-carboxyl-2,2’,5’,2"-trithiophene, p-
4’-formal-4-carboxyl-1,1’-bibenzene, 5’-(methyl)thiol-5-
formal-2,2’-bithiolphene, and one of their derivatives.
[0031] In some embodiments, a method for detecting
a target is disclosed. The method includes contacting
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any of the sensors described above with a first sample
suspected of containing the target, and detecting a first
signal as described above when the target binds to the
first probe. In some embodiments, detection of the first
signal indicates that the target is present in the first sam-
ple. Optionally, a second signal, a third signal, and a
fourth signal are detected as described above and the
first, second, third, and fourth signals are processed to
determine whether the target is present in the first sam-
ple.

[0032] In some embodiments, the method includes
treating a first electrode with a first electron conducting
molecule, conjugating afirst probe with asecond electron
conducting molecule, and attaching the first probe on the
first electrode. The first probe is configured to bind to the
target.

[0033] The method may further include treating a sec-
ond electrode with the same first electron conducting
molecule and attaching a second probe on the second
electrode. The second probe is configured not to bind to
the target.

[0034] The method may further include introducing a
first sample potentially including the target to flow through
the first electrode and the second electrode concurrently
to obtain a first signal and a second signal, respectively.
The method may further include introducing a second
sample substantially free of the target to flow through the
first electrode and the second electrode concurrently to
obtain a third signal and a fourth signal. The method may
further include determining whether the first sample in-
cludes the target based on quantitation of the first signal,
second, third, and fourth signals, as described above.
[0035] Fig. 1is an illustrative embodiment of a sensor
100 for detecting a target of interest. The sensor 100
includes a buffer solution tank 101, a pump 103, a splitter
105, afirst sample loop 130, a second sample loop 140,
a biochip 120, a waste tank 109, and a processor 108.
The first sample loop 130 and the second sample loop
140 are configured to store a sample potentially including
a target to be detected by the sensor. After the sensor is
activated, the pump 103 pumps a buffer solution stored
in the buffer solution tank 101 to flush the first sample
loop 130 and the second sample loop 140. The sample
is then mixed with the buffer solution and flows through
the biochip 120 from a first channel 111 and a second
channel 113. The biochip 120 includes a first electrode
set 121 and a second electrode set 122. The sample
eventually is collected in a waste tank 109 after the sam-
ple flows through the biochip 120.

[0036] A first probe may be attached on the first elec-
trode set 121 and the first probe is configured to bind to
the target to be detected by the sensor 100. A second
probe may be attached on the second electrode set 122
and the second probe is configured not to bind to the
target to be detected by the sensor 100.

[0037] When the sample flows through the first elec-
trode set 121 and the second electrode set 122, the elec-
trical fields of the first electrode set 121 and the second
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electrode set 122 may change, respectively. The signals
reflecting the electrical field changes of the first electrode
set 121 and the second electrode set 122 may then be
sent to the processor 108 through wires 123 and 124 for
further processing. The processor 108 is configured to
determine whetherthe target to be detected by the sensor
exists in the sample.

[0038] Fig. 2 shows a flow chart of an illustrative em-
bodiment of a method 200 for providing an electrode for
a biosensor for detecting a biomolecule. The method 200
includes steps 201, 203, and 205. In step 201, an elec-
trode is treated with a first electron conducting molecule.
The first electron conducting molecule may form a cov-
alentbond with the electrode. The electrode may be met-
al, for example gold, platinum, copper...etc. Some exam-
ple first electron conducting molecule include, but not
limited to, 3-(thiophen-2-yl)propanal, 3-phenylpropanal,
3-(1-pyrrol-2-yl)propanal, 3-(pyridin-2-yl)propanal, (E)-
4-phenylbut-3-enal, (E)-4-(4-(E)-styrylphenyl)but-3-e-
nal, (E)-4-(pyridin-2-yl)but-3-enal, (E)-4-(5-((E)-2-(pyrid-
in-2-yl)vinyl)pyridin-2-yl)but-3-enal, (E)-hepta-4,6-dien-
al, (Z)-hepta-4,6-dienal, (E)-4-(cyclohex-2-enylidene)
butanal, 2-(naphthalen-2-yl)acetaldehyde, 5"-formal-5-
carboxyl-2,2’,5’,2"-trithiophene, p-4’-formal-4-carboxyl-
1,1-bibenzene, 5’-(methyl)thiol-5-formal-2,2’-bithiol-
phene, and one of their derivatives.

[0039] Instep203,aprobeisconjugated with a second
electron conducting molecule. The probe may be DNA,
RNA, protein, antibody, antigen, or enzyme. The second
electron conducting molecule may be different than the
first electron conducting molecule. Some example sec-
ond electron conducting molecule include, but not limited
to, 3-(thiophen-2-yl)propanal, 3-phenylpropanal, 3-(1-
pyrrol-2-yl)propanal, 3-(pyridin-2-yl)propanal, (E)-4-phe-
nylbut-3-enal, (E)-4-(4-(E)-styrylphenyl)but-3-enal, (E)-
4-(pyridin-2-yl)but-3-enal, (E)-4-(5-((E)-2-(pyridin-2-yl)
vinyl)pyridin-2-yl)but-3-enal, (E)-hepta-4,6-dienal, (Z)-
hepta-4,6-dienal, (E)-4-(cyclohex-2-enylidene)butanal,
2-(naphthalen-2-yl)acetaldehyde, 5"-formal-5-carboxyl-
2,2',5’,2"-trithiophene, p-4’-formal-4-carboxyl-1,1’-bi-
benzene, 5’-(methyl)thiol-5-formal-2,2’-bithiolphene,
and one of their derivatives.

[0040] In step 205, the probe is attached on the elec-
trode. The probe may form a covalent bond with the first
electron conducting molecule. Through the covalent
bond between the probe and the first electron conducting
molecule, and the covalent bond between the first elec-
tron conducting molecule and the electrode, the probe is
attached on the electrode.

[0041] Figs. 3A-3F shows an illustrative embodiment
of a method for preparing two electrodes in a sensor for
detecting a biomolecule. In Fig. 3A, afirst gold electrode
301 is treated with 5’-(methyl)thiol-5-formal-2,2’-bithiol-
phene. 5-(methyl)thiol-5-formal-2,2’-bithiolphene is u-
sed as an electron conducting molecule and forms a first
covalent bond with the treated first gold electrode 301’.
The electron conductivity of the treated first gold elec-
trode 301’ is then promoted. In some embodiments, the
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treated first gold electrode 301’ is arranged in a first chan-
nel of the sensor.

[0042] InFig. 3B, a second gold electrode 302 is treat-
ed with 5’-(methyl)thiol-5-formal-2,2’-bithiolphene. 5’-
(methyl)thiol-5-formal-2,2’-bithiolphene is used as an
electron conducting molecule and forms a second cov-
alent bond with the treated second gold electrode 302’.
The electron conductivity of the treated second gold elec-
trode 302’ is then promoted. In some embodiments, the
treated second gold electrode 302’ is arranged in a sec-
ond channel of the sensor.

[0043] In Fig. 3C, an anti-(HPV HR) antibody 303 is
treated with biphenyl-4-carbaldehyde so that biphenyl-
4-carbaldehyde conjugates to the treated anti-(HPV HR)
antibody 303'. Biphenyl-4-carbaldehyde is used as an
electron conducting molecule. The electron conductivity
of the treated anti-(HPV HR) antibody 303’ is promoted.
[0044] InFig. 3D, an anti-caffeine antibody 304 is treat-
ed with biphenyl-4-carbaldehyde so that biphenyl-4-car-
baldehyde conjugates to the treated anti-caffeine anti-
body 304’. Biphenyl-4-carbaldehyde is used as an elec-
tron conducting molecule. The electron conductivity of
the treated anti- caffeine antibody 304’ is promoted.
[0045] In Fig. 3E, the treated anti-(HPV HR) antibody
303’ is attached on the treated first gold electrode 301°’.
In some embodiments, an amine group of the treated
anti-(HPV HR) antibody 303’ may form a third covalent
bond with 5’-(methyl)thiol-5-formal-2,2’-bithiolphene.
Through the first and the third covalent bonds, the treated
anti-(HPV HR) antibody 303’ is attached on the treated
first gold electrode 301'.

[0046] In Fig. 3F, the treated anti- caffeine antibody
304’ is attached on the treated second gold electrode
302’. In some embodiments, an amine group of the treat-
ed anti- caffeine antibody 304’ may form a fourth covalent
bond with 5’-(methyl)thiol-5-formal-2,2’-bithiolphene.
Through the second and the fourth covalent bonds, the
treated anti- caffeine antibody 304’ is attached on the
treated second gold electrode 302'.

[0047] [Example 1] A bare sensor chip including two
gold electrode set was mounted in Vsensor®V11A3 sen-
sor (Vsense Biotech. Ltd, Taipei, Taiwan). In the sensor,
a first flow channel crossed the first gold electrode set
and a second flow channel crossed the second gold elec-
trode set. After the sensor was activated, a pump drained
phosphate buffered saline (PBS) buffer from a buffer so-
lution tank. PBS buffer has a pH value of 7.2 and flowed
over the sensor chip at a rate of 20 pl/min. Then an elec-
tron conducing molecule, 10mM 5’-(methyl)thiol-5-for-
mal-2,2’-bithiolphene solution was injected to the sensor
and flushed with PBS buffer. 5’-(methyl)thiol-5-formal-
2,2’-bithiolphene solution and PBS buffer then flowed
over the first gold electrode set and the second gold elec-
trode set for 5 minutes. Finally, the first gold electrode
set and the second gold electrode set were rinsed with
PBS buffer for another 15 minutes.

[0048] A 200 pg/ml monoclonal anti-(HPV HR) anti-
body (Abcam, ab75574, Cambridge, UK) solution was
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formedin PBS buffer. A 10mM Biphenyl-4-carbaldehyde,
another electron conducting molecule, (MerckSchucha-
rdt OHG, 8.41238.0010 , Hohenbrunn, Germany) solu-
tionin 50% ethanol/50% water was added to the antibody
solution. After well mixed, a conjugated monoclonal an-
ti-(HPV HR) antibody solution was formed.

[0049] A 200 p.g/ml monoclonal anti-caffeine antibody
(Abcam, ab15221, Cambridge, UK) solution was formed
in PBS buffer. A 10mM Biphenyl-4-carbaldehyde, anoth-
er electron conducting molecule, (MerckSchuchardt
OHG, 8.41238.0010 , Hohenbrunn, Germany) solution
in 50% ethanol/50% water was added to the antibody
solution. After well mixed, a conjugated monoclonal anti-
caffeine antibody solution was formed.

[0050] The conjugated monoclonal anti-(HPV HR) an-
tibody solution was then injected to the sensor through
a first sample loop and then flowed over the first gold
electrode set. Then the first gold electrode set was
flushed with PBS buffer. The flow rate of PBS buffer was
20pl/min for 10 minutes. The first gold electrode set was
thenrinsed again with PBS buffer for another 10 minutes,
where the flow rate of PBS buffer was kept at 20l/min.
[0051] The conjugated monoclonal anti-caffeine anti-
body solution was injected to the sensor through a sec-
ond sample loop and then flowed over the second gold
electrode set. Then the second gold electrode set was
flushed with PBS buffer. The flow rate of PBS buffer was
20pl/min for 10 minutes. The second gold electrode set
was then rinsed again with PBS buffer for another 10
minutes, where the flow rate of PBS buffer was kept at
20pl/min.

[0052] A Human Papillomavirus 16 (HPV16) infected
patient sample was diluted to 0.1%, 1%, 2%, 5%, and
10%. The diluted samples were injected to the sensorin
sequence. Each diluted sample flowed through the first
gold electrode set and the second gold electrode set con-
currently.

[0053] We used the same chip repeatedly to study
each diluted concentration of the patient sample. This
was accomplished by washing away the associated
HPV16 with acidic glycine buffer (0.1 M, pH 2.5).
[0054] A sample from a healthy person was used as a
control group. The control sample was also diluted to
0.1%, 1%,2%, 5%, and 10%. The diluted control samples
were injected to the sensor in sequence. Each diluted
control sample flowed through the first gold electrode set
and the second gold electrode set concurrently. We also
used acidic glycine buffer to flush the chip between two
injections.

[0055] The currents detected by the sensor in re-
sponse to each injection were showed in Fig. 4A. In Fig.
4A, relatively high currents were detected for the HPV16
infected patient samples when the patient sample con-
centration was 1%, 2%, 5%, and 10%, respectively. The
ratio of the current value of (point a - point b)/(point c -
point d) was used to determine whether HPV16 antigen
presents in the diluted samples.

[0056] Fig. 4B shows a conductive image of an elec-
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trode including a monoclonal anti-(HPV HR) antibody
conjugated with biphenyl-4-carbaldehyde scanned by
conductive atomic force microscopy at a biased voltage
(about 0.01 volts) applied. The image shows the con-
ductance profile on a surface of the electrode. The unit
of X-axis is pm and the unit of Y-axis is wum. The brighter
parts indicate relatively high conductance (e.g., about
99.98 nano-Ampere). The darker parts indicate relatively
low conductance (e.g., 0 nano-Ampere).

[0057] [Example 2] A bare sensor chip including two
gold electrode set was mounted in Vsensor® V11A3 sen-
sor (Vsense Biotech.Ltd, Taipei, Taiwan). In the sensor,
a first flow channel crossed the first gold electrode set
and a second flow channel crossed the second gold elec-
trode set. After the sensor was activated, a pump drained
phosphate buffered saline (PBS) buffer from a buffer so-
lution tank. PBS buffer has a pH value of 7.2 and flowed
over the sensor chip at a rate of 20l/min. Then an elec-
tron conducing molecule, 10mM 5’-(methyl)thiol-5-for-
mal-2,2’-bithiolphene solution was injected to the sensor
through a sample loop and flushed with PBS buffer.
5’-(methyl)thiol-5-formal-2,2-bithiolphene solution and
PBS buffer then flowed over the first gold electrode set
and the second gold electrode set for 5 minutes. Finally,
the first gold electrode set and the second gold electrode
set were rinsed with PBS buffer for another 15 minutes.
[0058] A 200 pg/ml monoclonal anti-(EV71) antibody
(Millipore, 3321, Billerica, MA,, USA) solution was formed
in PBS buffer. A 10mM Biphenyl-4-carbaldehyde, anoth-
er electron conducting molecule, (MerckSchuchardt
OHG, 8.41238.0010 , Hohenbrunn, Germany) solution
in 50% ethanol/50% water was added to the antibody
solution. After well mixed, a conjugated monoclonal an-
ti-(EV71) antibody solution was formed.

[0059] A 200 pg/mlimonoclonal anti-acrosomal protein
(Abcam, ab4569, Cambridge, UK) solution was formed
in PBS buffer. A 10mM Biphenyl-4-carbaldehyde (Mer-
ckSchuchardt OHG, 8.41238.0010 , Hohenbrunn, Ger-
many) solution in 50% ethanol/50% water was added to
the anti-acrosomal protein solution. After well mixed, a
conjugated anti-acrosomal protein solution was formed.
[0060] The conjugated monoclonal anti-(EV71) anti-
body solution was then injected to the sensor through a
first sample loop and then flowed over the first gold elec-
trode set. Then the first gold electrode set was flushed
with PBS buffer. The flow rate of PBS buffer was 20w.l/min
for 10 minutes. The first gold electrode set was then
rinsed again with PBS buffer for another 10 minutes,
where the flow rate of PBS buffer was kept at 20pl/min.
[0061] The conjugated anti-acrosomal protein solution
was then injected to the sensor through a second sample
loop and then flowed over the second gold electrode set.
Then the second gold electrode set was flushed with PBS
buffer. The flow rate of PBS buffer was 20wl/min for 10
minutes. The second gold electrode set was then rinsed
again with PBS buffer for another 10 minutes, where the
flow rate of PBS buffer was kept at 20pl/min.

[0062] AnEV71 infected patient sample was diluted to
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0.1%, 1%, 2%, 5%, and 10%. The diluted samples were
injected to the sensor in sequence. Each diluted sample
flowed through the first gold electrode set and the second
gold electrode set concurrently.

[0063] We used the same chip repeatedly to study
each diluted concentration of the patient sample. This
was accomplished by washing away the associated
EV71 with acidic glycine buffer (0.1 M, pH 2.5).

[0064] A sample from a healthy person was used as a
control group. The control sample was also diluted to
0.1%, 1%,2%, 5%, and 10%. The diluted control samples
were injected to the sensor in sequence. Each diluted
control sample flowed through the first gold electrode set
and the second gold electrode set concurrently. We also
used acidic glycine buffer to flush the chip between two
injections.

[0065] The currents detected by the sensor in re-
sponse to each injection were showed in Fig. 4C. In Fig.
4C, relatively high currents were detected for the EV71
infected patient samples when the patient sample con-
centrationwas 0.1%, 1%,2%, 5%, and 10%, respectively.
The ratio of the current value of (point a - point b)/(point
¢ - point d) was used to determine whether EV71 antigen
presents in the diluted samples.

[0066] [Example 3] A bare sensor chip including two
gold electrode setwas mounted in Vsensor® V11A3 sen-
sor (Vsense Biotech.Ltd, Taipei, Taiwan). In the sensor,
a first flow channel crossed the first gold electrode set
and a second flow channel crossed the second gold elec-
trode set. After the sensor was activated, a pump drained
phosphate buffered saline (PBS) buffer from a buffer so-
lution tank. PBS buffer has a pH value of 7.2 and flowed
over the sensor chip at a rate of 50l/min. Then an elec-
tron conducing molecule, 10mM p-4’-formal-4-carboxyl-
1,1’-bibenzene (CHO-(CgH,4),-COOH) solution was in-
jected to the sensor through a sample loop and flushed
with PBS buffer. p-4’-formal-4-carboxyl-1,1’-bibenzene
solution and PBS buffer then flowed over the first gold
electrode set and the second gold electrode set for 18
minutes. Finally, the first gold electrode set and the sec-
ond gold electrode set were rinsed with PBS buffer for
another 15 minutes. Then a mixture of 400mM EDC and
100mM NHS (volume of EDC/volume of NHS = 1/1) was
injected and flowed over the sensor chip at a flow rate of
20 pl/min for 15 min.

[0067] A 200 pg/ml monoclonal anti-(Lect2) antibody
(Santa Cruz, sc-99036, Santa Cruz, CA, USA) solution
was formed in acetate buffer (pH is 4.8). A 10mM Biphe-
nyl-4-carbaldehyde, another electron conducting mole-
cule, (MerckSchuchardt OHG, 8.41238.0010 , Hohenb-
runn, Germany) solution in 50% ethanol/50% water was
added to the antibody solution. After well mixed, a con-
jugated monoclonal anti-(Lect2) antibody solution was
formed.

[0068] A 200 ng/mlmonoclonal anti-acrosomal protein
(Abcam, ab4569, Cambridge, UK) solution was formed
in PBS buffer. A 10mM Biphenyl-4-carbaldehyde (Mer-
ckSchuchardt OHG, 8.41238.0010 , Hohenbrunn, Ger-
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many) solution in 50% ethanol/50% water was added to
the anti-acrosomal protein solution. After well mixed, a
conjugated anti-acrosomal protein solution was formed.
[0069] The conjugated monoclonal anti-(Lect2) anti-
body solution was then injected to the sensor through a
first sample loop and flowed over the first gold electrode
set. Then the first gold electrode set was flushed with
PBS buffer. The flow rate of PBS buffer was 20u.l/min for
10 minutes. The first gold electrode set was then rinsed
again with PBS buffer for another 10 minutes, where the
flow rate of PBS buffer was kept at 20ul/min.

[0070] The conjugated anti-acrosomal protein solution
was then injected to the sensor through a second sample
loop and then flowed over the second gold electrode set.
Then the second gold electrode set was flushed with PBS
buffer. The flow rate of PBS buffer was 20wl/min for 10
minutes. The second gold electrode set was then rinsed
again with PBS buffer for another 10 minutes, where the
flow rate of PBS buffer was kept at 20pl/min.

[0071] AHCC (Hepatocellularcarcinoma) patient sam-
ple containing Lect2 biomarker molecules was diluted to
0.1%, 1%, 2%, 5%, and 10%. The diluted samples were
injected to the sensor in sequence. The flow channel
switch controlled each diluted sample to flow through the
first gold electrode set and the second gold electrode set
concurrently.

[0072] We used the same chip repeatedly to study
each diluted concentration of the patient sample. This
was accomplished by washing away the associated
Lect2 with acidic glycine buffer (0.1 M, pH 2.5).

[0073] A sample from a healthy person was used as a
control group. The control sample was also diluted to
0.1%,1%, 2%, 5%, and 10%. The diluted control samples
were injected to the sensor in sequence. The flow chan-
nel switch controlled each diluted control sample to flow
through the first gold electrode set and the second gold
electrode set concurrently. We also used acidic glycine
buffer to flush the chip between two injections.

[0074] The currents detected by the sensor in re-
sponse to each injection were showed in Fig. 4D. In Fig.
4D, relatively high currents were detected for the HCC
(Hepatocellular carcinoma) patient samples containing
Lect 2 biomarker molecules when the patient sample
concentration was 0.1%, 1%, 2%, 5%, and 10%, respec-
tively. The ratio of the current value of (point a - point b)
/(point ¢ - point d) was used to determine whether HPV16
antigen presents in the diluted samples.

[0075] Although the foregoing invention has been de-
scribed in some detail by way of illustration and examples
for purposes of clarity of understanding, itwill be apparent
to those skilled in the art that certain changes and mod-
ifications may be practiced without departing from the
scope of the invention. Therefore, the description should
not be construed as limiting the scope of the invention.

[0076] All publications, patents, and patent applica-
tions cited herein are hereby incorporated by reference
in their entireties for all purposes and to the same extent
as if each individual publication, patent, or patent appli-
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cation were specifically and individually indicated to be
so incorporated by reference.

[0077] The present application further relates to the
following items:

1. A sensor for detecting a target of interest, com-
prising:

a first electrode comprising (i) a first electron
conducting molecule; and(ii) a first probe com-
prising a second electron conducting molecule,
wherein the first probe is configured to bind to
the target of interestin solution, wherein the first
and second electron conducting molecules are
different.

2. The sensor of item 1, wherein the first electron
conducting molecule is covalently attached to the
first electrode.

3. The sensor of item 1, wherein the first probe is
covalently attached to the first electrode

4. The sensor of item 2, wherein the first probe is
covalently attached to the first electron conducting
molecule.

5. The sensor of item 1, further comprising a first flow
channel which is in contact with the first electrode
and configured such that a sample comprising the
target of interest flows through the first flow channel
and generates a first signal when the target of inter-
est binds to the first probe.

6. The sensor of item 5, further comprising a proc-
essor configured to detect the first signal.

7. The sensor of item 6, wherein detection of the first
signal indicates that the sample comprises the target
of interest.

8. The sensor of item 1, further comprising a second
electrode, wherein the second electrode comprises
a third electron conducting molecule and a second
probe, wherein the second probe does not bind to
the target of interest, and wherein the third electron
conducting molecule is the same or different than
the first or second electron conducting molecule.

9. The sensor of item 8, wherein the third electron
conducting molecule is the same as the first electron
conducting molecule.

10. The sensor of item 8, wherein the third electron
conducting molecule is covalently attached to the

second electrode.

11. The sensor of item 8, wherein the second probe
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comprises a fourth electron conducting molecule,
wherein the fourth electron conducting molecule is
the same or different than the third electron conduct-
ing molecule.

12. The sensor ofitem 11, wherein the fourth electron
conducting molecule is the same as the second elec-
tron conducting molecule.

13. The sensor of item 10, wherein the second probe
is covalently attached to the third electron conducting
molecule.

14. The sensor of item 11, wherein the third electron
conducting molecule is covalently attached to the
second electrode, and wherein the second probe is
covalently attached to the third electron conducting
molecule.

15. The sensor of item 8, further comprising a first
flow channel which is in contact with the first elec-
trode and configured such that a sample comprising
the target of interest flows through the first flow chan-
nel and generates a first signal when the target binds
to the first probe, and further comprising a second
flow channelwhich is in contact with the second elec-
trode and configured such that the sample flows
through the second flow channel and generates a
second signal.

16. The sensor of item 15, further comprising a proc-
essor configured to detect the first signal and the
second signal.

17. The sensor of item 16, wherein the target of in-
terest is detected by comparing a value associated
with the first and second signals to a predetermined
value, wherein the value being greater than the pre-
determined value indicates that the target of interest
is present in the sample.

18. The sensor ofitem 1, wherein the first and second
electron conducting molecules are different mole-
cules selected from an aromatic compound, a pyri-
dine compound, a polyacetylene polymer, a thi-
ophene compound, an azole compound, a poly-
aniline polymer or a derivative thereof.

19. The sensor of item 8, wherein the third electron
conducting molecule is an aromatic compound, a py-
ridine compound, a polyacetylene polymer, a thi-
ophene compound, an azole compound, a poly-
aniline polymer or a derivative thereof.

20. The sensor of item 11, wherein the fourth electron
conducting molecule is an aromatic compound, a py-
ridine compound, a polyacetylene polymer, a thi-
ophene compound, an azole compound, a poly-
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aniline polymer or a derivative thereof.

21. The sensor of item 1, wherein the first probe is
DNA, RNA, a protein, an antibody, an antibody frag-
ment that comprises the ability to bind to the biomol-
ecule, an aptamer, an antigen, or an epitope.

22. The sensor of item 8, wherein the second probe
is DNA, RNA, a protein, an antibody, an antibody
fragment that comprises the ability to bind to the bi-
omolecule, an aptamer, an antigen, or an enzyme.

23. A method for detecting a target of interest, com-
prising:

contacting a sensor with a sample that compris-
es the target,

wherein the sensor comprises a first electrode
comprising (i) a first electron conducting mole-
cule; and (ii) a first probe comprising a second
electron conducting molecule, wherein the first
probe is configured to bind to the target, and
wherein the firstand second electron conducting
molecules are different,

wherein a first signal is generated when the tar-
get binds to the first probe, and wherein detec-
tion of the first signal indicates that the biomol-
ecule is present in the sample.

24. The method of item 23, further comprising intro-
ducing the sample into a first flow channel such that
the sample flows through the first flow channel and
in contact with the first electrode, wherein the first
signal is generated in the first flow channel.

25. The method of item 23, wherein the first electron
conducting molecule is covalently attached to the
first electrode.

26. The method of item 23, wherein the first probe
is covalently attached to the first electrode

27. The method of item 25, wherein the first probe
is covalently attached to the first electron conducting
molecule.

28. The method of item 24, wherein the sensor fur-
ther comprises a processor configured to detect the
first signal.

29. The method of item 23, wherein the sensor com-
prises a second electrode, wherein the second elec-
trode comprises a third electron conducting mole-
cule and a second probe, wherein the second probe
does not bind to the target, and wherein the third
electron conducting molecule is the same or different
than the first or second electron conducting mole-
cule.
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30. The method of item 29, wherein the third electron
conducting molecule is the same as the first electron
conducting molecule.

31. The method of item 29, wherein the third electron
conducting molecule is covalently attached to the
second electrode.

32. Themethod ofitem 29, wherein the second probe
comprises a fourth electron conducting molecule,
wherein the fourth electron conducting molecule is
the same or different than the third electron conduct-
ing molecule.

33. The method of item 32, wherein the fourth elec-
tron conducting molecule is the same as the second
electron conducting molecule.

34. Themethod ofitem 31, wherein the second probe
is covalently attached to the third electron conducting
molecule.

35. The method of item 32, wherein the third electron
conducting molecule is covalently attached to the
second electrode, and wherein the second probe is
covalently attached to the third electron conducting
molecule.

36. The method of item 29, wherein the sensor fur-
ther comprises a first flow channel which is in contact
with the first electrode and configured such that the
sample flows through the first flow channel and the
first signal is generated in the first flow channel, and
wherein the sensor further comprises a second flow
channelwhich is in contact with the second electrode
and configured such that the sample flows through
the second flow channel and generates a second
signal.

37. The method of item 36, wherein the sensor fur-
ther comprises a processor configured to detect the
first signal and the second signal.

38. The method of item 37, wherein the target is de-
tected by comparing a value associated with the first
and second signals to a predetermined value indi-
cates that the target of interest is present in the sam-
ple.

39. The method of item 23, wherein the first and sec-
ond electron conducting molecules are different mol-
ecules selected from an aromatic compound, a py-
ridine compound, a polyacetylene polymer, a thi-
ophene compound, an azole compound, a poly-
aniline polymer or a derivative thereof.

40. The method of item 29, wherein the third electron
conducting molecule is an aromatic compound, a py-



17 EP 2 538 219 A1 18

ridine compound, a polyacetylene polymer, a thi-
ophene compound, an azole compound, a poly-
aniline polymer or a derivative thereof.

41. The method of item 32, wherein the fourth elec-
tron conducting molecule is an aromatic compound,
a pyridine compound, a polyacetylene polymer, a
thiophene compound, an azole compound, a poly-
aniline polymer or a derivative thereof.

42. The method of item 23, wherein the first probe
is DNA, RNA, a protein, an antibody, an antibody
fragment that comprises the ability to bind to the bi-
omolecule, an aptamer, an antigen, or an epitope.

43.The method ofitem 29, wherein the second probe
is DNA, RNA, a protein, an antibody, an antibody
fragment that comprises the ability to bind to the bi-
omolecule, an aptamer, an antigen, or an epitope.

44. A sensor probe conjugated to an electron con-
ducting molecule selected from a pyridine com-
pound, a polyacetylene polymer, an azole com-
pound, a polyaniline polymer or the derivatives there-
of, wherein the probe is configured to bind to a target
of interest.

45. The sensor probe of item 44, wherein the probe
is covalently attached to the electron conducting mol-
ecule which is configured to form a second covalent
bond with an electrode.

46. The sensor probe of item 44, wherein the probe
is DNA, RNA, a protein, an antibody, an antibody
fragment that comprises the ability to bind to the bi-
omolecule of interest, an aptamer, an antigen, or an
epitope.

47. An electrode comprising a sensor probe accord-
ing to item 44.

48. The electrode according to item 47, wherein the
probe is covalently attached to the electron conduct-
ing molecule, and wherein the electron conducting
molecule is covalently attached to the electrode.

Claims

A sensor for detecting a target of interest, compris-
ing:

a first electrode comprising (i) a first electron
conducting molecule; and (ii) a first probe com-
prising a second electron conducting molecule,
wherein the first probe is configured to bind to
the target of interestin solution, wherein the first
and second electron conducting molecules are
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different.

The sensor of claim 1, wherein the first electron con-
ducting molecule and/or the first probe is covalently
attached to the first electrode, preferably the first
probe is covalently attached to the first electron con-
ducting molecule that is covalently attached to the
first electrode.

The sensor of claim 1 or 2, further comprising a sec-
ond electrode, wherein the second electrode com-
prises a third electron conducting molecule and a
second probe, wherein the second probe does not
bind to the target of interest, and wherein the third
electron conducting molecule is the same or different
than the first or second electron conducting mole-
cule, preferably, the third electron conducting mole-
cule is the same as the first electron conducting mol-
ecule.

The sensor of claim 3, wherein the second probe
comprises a fourth electron conducting molecule,
wherein the fourth electron conducting molecule is
the same or different than the third electron conduct-
ing molecule, preferably the fourth electron conduct-
ing molecule is the same as the second electron con-
ducting molecule.

The sensor of claim 3 or 4, wherein the third electron
conducting molecule is covalently attached to the
second electrode, and/or wherein the second probe
is covalently attached to the third electron conducting
molecule.

The sensor of any one of claims 1 to 5, further com-
prising a first flow channel which is in contact with
the first electrode and configured such thata sample
comprising the target of interest flows through the
first flow channel and generates a first signal when
the target binds to the first probe, and optionally fur-
ther comprising a second flow channel which is in
contact with the second electrode and configured
such that the sample flows through the second flow
channel and generates a second signal.

The sensor of any one of claims 1 to 6, further com-
prising a processor configured to detect the first sig-
nal and/or the second signal.

The sensor of any one of claims 1 to 7, wherein the
first, the second, the third and/or the forth electron
conducting molecule each is selected from an aro-
matic compound, a pyridine compound, a polyacety-
lene polymer, a thiophene compound, an azole com-
pound, a polyaniline polymer or a derivative thereof.

The sensor of any one of claims 1 to 8 or the sensor
probe of claim 13 or 14, wherein the probe, the first
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probe and/or the second probe is DNA, RNA, a pro-
tein, an antibody, an antibody fragment that compris-
es the ability to bind to the biomolecule, an aptamer,
an antigen, or an epitope.

A method for detecting a target of interest, compris-
ing:

contacting a sensor according to any one of
claims 1 to 9 with a sample that comprises the
target,

wherein a first signal is generated when the tar-
get binds to the first probe,

and wherein detection of thefirst signal indicates
that the target is present in the sample.

The method of claim 10, further comprising introduc-
ing the sample into a first flow channel such that the
sample flows through the first flow channel and in
contact with the first electrode, wherein the first sig-
nal is generated in the first flow channel.

The method of claim 10, wherein the sensor com-
prises a first flow channel which is in contact with the
first electrode and configured such that the sample
flows through the first flow channel and the first signal
is generated in the first flow channel, and wherein
the sensor further comprises a second flow channel
which is in contact with the second electrode and
configured such that the sample flows through the
second flow channel and generates a second signal
and wherein the targetis preferably detected by com-
paring a value associated with the first and second
signals to a predetermined value indicates that the
target of interest is present in the sample.

A sensor probe conjugated to an electron conducting
molecule selected from a pyridine compound, a poly-
acetylene polymer, an azole compound, a poly-
aniline polymer or the derivatives thereof, wherein
the probe is configured to bind to a target of interest.

The sensor probe of claim 13, wherein the probe is
covalently attached to the electron conducting mol-
ecule which is configured to form a second covalent
bond with an electrode.

An electrode comprising a sensor probe according
to any one of claims 13, 14 or 9, preferably compris-
ing a sensor probe wherein the probe is covalently
attached to the electron conducting molecule, and
wherein the electron conducting molecule is cova-
lently attached to the electrode.
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